Novel hetero-metal di-, tetra-, and ocutanuclear Mn-Cu clusters of 
were prepared by simple one-pot reactions of multidentate Schiff base ligands with metal sources. All 1 clusters were selectively obtained by changing reaction conditions, employment of suitable co-ligands, and slightly modified ligands. We report here syntheses, structure and magnetic properties of a series of hetero-metal Mn-Cu and Mn-Ni clusters.
Introduction
Multi-nuclear clusters have been known to show intriguing reactivity and physical properties originating from electronic and magnetic interactions between metal ions, among which polynuclear manganese clusters have been attracted much interest from the view points of bio-inorganic and physical aspects such as mimic of active sites in photosystem II (PSII) [1] [2] [3] [4] [5] and single-molecule magnets (SMMs) [6] . A great deal of efforts has been made to explore rational synthetic methods for multi-nuclear manganese clusters.
In this context, we have found that multidentate Schiff base ligands with alkoxo groups are useful bridging ligands to afford various multi-nuclear metal clusters, some of which were proven to be SMMs. [7] [8] [9] [10] [11] Hetero-metal clusters are, on the other hands, very interesting research target with respect to synergy of hetero-metal ions, which may lead to particular properties such as high catalytic ability or high spin ground state with large magnetic anisotropy. A well-known synthetic path for hetero-metal systems contains step-by-step reactions of different metal ions with ligands such as macro-cycles. [12] In this synthesis, ligands should have multi-coordination sites, in which each coordination site possesses different affinity of metal ions. We have previously found that Schiff base tridentate ligands have potential to afford hetero-metal clusters by facile one-pot reactions, and an alkoxo-bridged Mn-Cu dinuclear complex with the Schiff base ligand was proven to be an SMM with an S = 5/2 spin ground state. [13] In the reactions, slight differences of consecutive stability constants between metal ions and the ligands achieved the selective formation of hetero-metal complexes. During the course of our work to obtain larger hetero-metal clusters, we found that this synthetic method with different reaction conditions, suitable co-lingads, and slight modifications of ligand structures yielded various hetero-metal clusters. We report here syntheses, structures and magnetic properties of multi-nuclear Mn-Cu and Mn-Ni clusters.
Experimental

2-1. Syntheses
All reagents were purchased and used without further purification. 13; H, 4.41; N, 3.61; Cu, 8.92; Mn, 7.71. Found: C, 37.03; H, 4.22; N, 3.46; Cu, 8.33; Mn, 7. , 4.17; N, 4.46; Cu, 10.43; Mn, 9.02. Found: C, 40.19; H, 3.56; N, 4.47; Cu, 10.29; Mn, 9.21 , 3.08; N, 4.56; Cu, 8.92; Mn, 7.71. Found: C, 32.61; H, 2.85; N, 4.26; Cu, 7.65; Mn, 7. , 3.97; N, 3.56; Cu, 16.14; Mn, 13.95. Found: C, 35.20; H, 4.15; N, 3.29; Cu, 16.18; Mn, 13. 
2-2. Physical measurements
DC magnetic susceptibility data were collected by using a Quantum
Design MPMS-XL SQUID magnetometer at temperatures ranging from 1.8
to 300 K.
Results and Discussion
3-1. Syntheses of Mn-Cu and Mn-Ni hetero-metal clusters
The Mn-Cu and Mn-Ni hetero-metal clusters, 1-7, were synthesized by simple reactions of multidentate schiff base ligands (H 2 5-Br-sae, ), and metal sources, where 6 and 7
were obtained as acetate and nitrate salts. The ORTEP drawing of 4 is shown in Figure 4 . The ORTEP diagrams of tetranuclear complexes 6 and 7 are shown in Figure 6 
3-2. Descriptions of Crystal structures
3-3. Magnetic properties of the complexes 1-7
3-3-1. Magnetic properties of 1 and 2.
The dc magnetic susceptibility measurements for 1 and 2 were performed in the temperature range of 1.8 -300 K (Figure 8 ). The χ m T-T curves for 1 and 2 were very similar to that for the previously reported The dc magnetic susceptibility measurements were carried out in the temperature range of 1.8 -300 K and the reslts were depicted in Figure 9 .
In 3(ClO 4 ) 2, the χ m T value at 300 K is 6.80 emu mol -1 K, which is a good agreement with the spin only value for magnetically isolated two Mn III and two Cu II ions (6.75 emu mol -1 K, g = 2 ). Upon decreasing the temperature, the χ m T value showed gradual increase down to 150 K, followed by the decrease at lower temperature, and this suggested that the ferromagnetic interactions are operative in high temperature region, followed by antiferromagnetic interactions leading to S = 0 spin ground state. Analyses of the susceptibility data for 3(ClO 4 ) 2 were carried out by using simple butterfly model, however, curve fitting was inferior, which might be due to the simplified model, and further analysis of the magnetic data has not been done yet. In the χ m T versus T plot for 4(PF 6 The χ m T-T plot for 5Cl 2 ·2MeOH indicated that overall antiferromagentic interactions are dominant in whole temperature range and further analysis of magnetic data has not been carried out due to complicated magnetic interactions among the metal ions. (7) DC magnetic susceptibility measurements were performed on 6 and 7 in the temperature range of 1.8 -300 K. χ m T versus temperature plots for complex 6 and 7 are shown in Figure 10 . In 6, the χ m T value at 300 K is Further studies to obtain larger clusters are in progress. 
3-3-2. Magnetic properties of [Mn
a R1 = Σ||F o | -|F c || / Σ|F o |. wR2 = [Σ[w(F o 2 -F c 2 ) 2 ] / Σ[w(F o 2 ) 2 ]] 0.5 .
